Some observations on bone-grafting: With special reference to bridge-grafts by Page, C. Max & Perkins, G.
540 THE BRITISH JOURNAL OF SURGERY 
SOME OBSERVATIONS ON BONE-GRAFTING : WITH SPECIAL 
REFERENCE TO BRIDGE-GRAFTS. 
BY C. MAX PAGE AND G .  PERKINS, LONDON. 
T ~ E  value of bone-grafting has become firmly established both in the treatment of 
ununited fractures and in thc replacement of bone destroyed by disease or injury. A 
great deal of experimental work has been done with a view to elucidating the changes 
undergone by various forms of bone-implant in man as well as in animals. Pioneer 
investigations of this character were conducted by Ollier,l Axhausen,2 Macewen,J and 
others. More recently Hey  grove^,^ Gallie,5 and Leriche, have contributed valuable data. 
In reviewing the conclusions drawn by these and other workers, i t  must be admitted 
that some parts of the life-history of bone-grafts in adult man remain obscure, or a t  any 
rate matter in dispute. Moreover, there is considerable divergence of opinion as to the 
technique best adapted to secure a surcessful result in cases of bone implantation. 
The large number of severe injuries to the bones which were caused during the late 
war have provided an intensive practical experience of the subject, and it would seem 
that it should now be possible to settle finally the matter a t  issue. It is with the intention 
of contributing to this solution that we venture to put forward some observations we have 
made in the course of treating a series of forty-five consecutive case3 operated on for 
ununited fracture. 
Recognizing that the number of our cases forms too narrow a basis to justify 
dogmatism, we propose in this paper to confine our attention to one section of the subject 
-namely, bridge-grafts. 
-4 bridge-graft may be defined as a bone-implant which fills in a definite gap in the 
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original bone and ultimately reconstitutes a part of it. As an arbitrary standard we 
have included in this category only those examples in which a gap of 2 cni. or more has 
been bridged. The subjects we have treated have in a11 cases been adult males, so that 
the question of new bone-formation from the periosterim as seen in children drjes not affect 
the issue. In  all the cases quoted, the operation we have carried out has not been the 
primary one aiming a t  bone replacement. The period elapsing between the original injury 
has varied from two to five years. In  all the cases 
the men have been kept under observation from the 
time of operation up to the present date, or have 
been restored to industrial efficiency. Radiograms 
of all cases h a w  been taken a t  frequent intervals 
and filed. 
The conclusions we have formed in regard to the 
essential points in the technique of bridge-grafting 
are most clearly shown by the consideration of our 
failures. Particular prominence will, therefore, be 
given to the notes of these cases. 
In  the 45 cases of ununited fracture treated by 
some form of bone-implant, 31 come under the classi- 
fication of bridge-grafts as defined above, the gap in 
the bone filled being 2 em. or more. The abcve table 
gives the results in 25 of these cases ; the remaining 
0 promise to be successful, but have not been under 
observation sufficiently long to warrant their inclusion. 
I. LIFE-HISTORY OF BDNE-GRAFTS. 
Brief reference must be made to the most recent 
theories which have been put forward to explain the 
fate of bone-grafts when in process of conversion into 
normal bone. Gallie’s views are that when graft and 
host are held firmly in apposition. capillaries grow in 
from the host, and that blood circulation is estab- 
lished throughout the graft. The bone-cells on tlic 
surface of the graft may live and proliferate, those in 
the Haversian canals die and disappear in two or 
three weeks. 
Absorption of bone commences a t  once from thc. 
periphery and subsequently involves the whole sub- 
stance of the graft ; meanwhile osteoblasts from the 
host pass cia the re-established circulation into tlic 
graft, and lay down new bone. Leriche and Policartl 
agree with this view, and consider that the graft acts 
in the nature of a scaffold. They maintain that the 
graft always dies ; and that, although on exploration 
the bone of the graft may prove well vascularized and 
continuous with the host-bone, and that the grafted 
bone may increase in size and unite after a fracture- 
these are appearances of life only ; their histological serel, lno,lt+ Crafi. opeln~ior, .  Graft 
examination demonstrates that the bone cells are all succes*ful. (S) Seweitm. 
dead. 
graft plays such a humble r61e. 
becomes incorporated with the host-bone. 
of this view :- 
F I G .  53-GraCt in the iresenre of sepsis. 
Despite the evidence adduced by these authorities we are not convinced that the 
We believe that a t  least some port.ion of it lives, and 
One salient case may be quoted in support 
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Case 14.-Ununited fracture of the radius, middle third; four and a half inches of 
bone missing. 
He had been previously grafted in February, 1920, and the graft was extruded entire as a 
sequestrum following suppuration. We operated again in Jan irr J, 1921, after the wound had 
been soundly healed for six months. At the operation active granulation tissue was foun 1 between 
the fragments Frec suppuration followcd within a few days of operation. The temperature 
fell to rormal about the tenth day, and at the end of the third week the discharge from the wound 
was negligible. An x-ray picture taken one month after the operation showed the graft in position 
and firmly united to the host-bone at both ends ; there wi s evidence of new bone formation, and 
two sequestra were separating from the graft. The wound healed soundly and the graft 
consolidated. 
This case shows tha t  an autogenous graft is capable, within a month of implantation, 
of casting off from itself a superficial portion which has been killed as a remlt of acute 
Fig. 523 was taken s e v ~ n  months after the operation. 
inflanimatioii. It may, of 
course, be maintained that the viable elements of the graft had been derived from the 
host ; but if that  is the casc, a$ Gallic and Leriche declare, the proccss of 'taking over' 
must be a remarkably rapid one. 
If one assumes that a bone-graft dies after implantation and only acts as a scaffold, 
i t  is difficult to  see why heterogenous or sterilized grafts should not be of the same value 
as autogenous. There is much evidence in the literature of the subject to  show that this 
is not the case. 
We have records of two cases in which boiled beef-bone was used as a bridge-graft ; 
in neither case did the graft take on thc appearance and activity of normal bone. 
Such activity appears t o  us to  be clear evidence of vitality. 
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Case Z.-Ununited fracture of humerus, lower third. 
In  May, 1917, the fracture was plated; in .June, 1918, the plate was removed,-union being 
absent. In June, 1920, we pegged a section 
of beef-bone into the medulla of each fragment (Fig. i24). An x-ray picture four months later (Fig. 
52.5) shows the gap closed in as a result of the fragments being approximated by splintage, and 
callus thrown out from the ends of the two fragments; but the graft has the appearance of a 
hequestrum ; there is no new bone extending along the graft n the way that can be seen in any 
successful autogenous graft. A plate taken sixteen months after operation still shows non-union. 
We have since operated again on this case. The graft was found to be quite loose, lying in a 
cavity which was lined by a smooth-walled layer of fibrous tissue 1 mm. thick. 
Cuse 10.---Autogenous graft of radius ; -for com- 
parison with Cases 5 and 19. A plate taken six 
months after operation clearly shows new bone being 
laid down in continuity with the graft (Fig. 5 2 ~ ) .  
In November the fracture was wired without success. 
FIG. J?C,.--Hnmaii how-graft, fur oom- 
Sir wee& 
&‘en bone crecpinq 
?:‘ate the  co itinuit,y of graft 
Imrisoo a d l i  Fi</s. 521, 536. 
irftcr pmf t  opcriLr,ion. 
along grqft. 
:wcl host wherc implantrd. 
FIG. 527.-%’aihue oE beef-bonc a‘ a 
brLlge-grdft. P i s  month? alter graft 
operatioil. Coiidition of graft uricharlgeil. 
Caw 19.-Ununited fracture of the ulna, upper third;  gap t w o  inches. 
‘rhc gap was bridged in April, 1921, by mcans of a beef-peg driven through the olecranon 
across the pap, and into the medullary cavity of the lower fragment. Fixation was very firm at 
the time of the operation. A plate taken two months afterwards shours the graft apparently 
inert ; there is no creeping of new bone along the graft. Fig. 527, taken six months after opera- 
tion. shows-little change in the condition except that a space has formed around the peg in the 
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upper fragment. The peg was removed by operation in Xovcriher, 1921 ; it was lying loose in 
the upper fragment, surrounded by granulation tissue. It was so firmly adherent in the rn diillary 
canal of the lower fragment that t'he latter had to be split before the peg could be dislodged. There 
was no granulation tissue about the lower part of the graft, and the graft itself was slightly eroded 
in its upper part only. 
These two cases confirm the general evidence that a cornpact beef-bonc peg is useleas 
as a bridge-graft. It is possible that if the beef-peg contained a good proportion of can- 
cellous bone it might be more effectively vitalized, but we have no evidence available on thi5 
point as yet. Therefore, we now always employ autogenous grafts for bridging gaps, and 
only utilize bcef-bone when its function is merely that of an internal splint. 
11. CHOICE OF BONE: CHARACTER AND SIZE OF GRAFT. 
1. Selection of Bone of Origin.-In our experience the tibia provides tlie most satis- 
The bonc is easy of access, and considerable latitude in the size and 
shape of the graft is possible; the gap in the bonc 
from which the graft has been cut is rapidly madc 
good, so that no permanent disability results. If a 
curved graft is required a rib may be used quitc 
satisfactorily. We have used this type of graft with 
success in the case of the lower jaw. The use of the 
fibula is favoured by some surgeons. It has the merit 
of yielding a strong graft with an established medullary 
canal. Against the use of this bone one may raise the 
points that  its exposure and separation is not simple. 
and that its absence cannot fail to unsettle the stabil- 
ity of the ankle-joint. We have not used a graft of 
this character in the series under consideration. 
2. Character of the Graft.-The constituents of 
a graft may be compact bone, periosteum, and can- 
cellous bone. The compact bone is essential for 
strength, though it does not appear to -take an active 
part in the formation of new bone after implantation. 
In  regard to the periosteum, we have come to the 
conclusion that it has little importance in the re-form- 
ation of bone in the adult. From x-ray evidence we 
have not been able to make out -that its presence or 
its absence affects the fate of the implant. It has 
been our practice in all cases to remove the periosteuni 
from that part of' the graft which is fitted into the 
rnedullary cavity of the host-bone, and in our later 
cases we have used grafts free of periosteum, turning 
back the periostcum from tlie tibia before cutting 
the graft. 
The cancellous bone seeins to be the route along 
which new bone formation extends from the host-bone 
union both ends. in tl!c n,icldlc. into the shaft. It is thereforc important to incor- 
porate a good bulk of bone of this character in anr- 
factory graft. 
ioor opcraliorr. 
graft. (Fig. 526.) 
3. Size of Graft.-The graft should be two or three inches longer than the gap which 
i t  is designed to bridge, and so cut that it is as strong as possible consistent with it.s being 
fitted into the host-bone. A long graft gives firm fixation, and establishes a larger surface 
of contact between the host and the graft across which circulation is re-established. The 
more substantial the graft, the less liable it is to fracture, and the more rapid the 
re-establishment of full strength in the affected part. Case 12, Fig. 528, shows the futilitv 
of a. weak graft.. 
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111. PREPARATION OF THE HOST-BONE. 
1. Preliminary Excision of Overlying Scar.-This procedure is advocated for Illally 
eases of war injury. 
2. Position of the Fragments.-It is important 
tha-t the fragments should be able to  be brought 
into their normal alinement a t  the time the bone is 
implanted. 
Preparatory splinting may occasionally have 
value in this respect. A method of reducing prona- 
tion deforniity in the forearm is shown in Fig. 529. 
In  our experience, however, reposition can generally 
be effected only by operative means. This statement 
is certainly true of a large proportion of war injuries, 
on account of the gross scarring which occurs about, 
t,he seat of fracture. 
We have, however, carried i t  out in two cases only. 
Case 12 is an example of a failure which may 
be att,ributed t o  the neglect of proper mobilization 
of the fragments. Fig. 530, taken ten months after 
a second operation for grafting, shows dispkdcerrient 
of the upper fragment, and that the adjacent end 
of the graft is no longer in contact with the host- 
bone. 
3 .  Removal of Sclerosed Bone.-We consider it 
of fundamental importance to  rescct both ends of 
the host fragments until hcalthy vascular bone is 
exposed. 
IV. INTERNAL FIXATION OF THE GRAFT. 
This appears to  be the most essential factor in 
Unless the graft becomes firmly united with the 
FIG. 53O.---'Hont fra+n:rnts not, brouglit, 
into correct sli ,erntLnt. hilriuctio I of upper 
fraqnerit not xell shown. Tcn rnoiittis aitcr effecting a. successful bridge-graft. 
lrost at both ends success is unlikely. The presence 
or absence of this union can be detected very early 
after operation by means of radiograms. Pigs. 531 and 531, from different cases, iiiay 
be compared in illustration of this point; both plates were taken ten days after the 
546 THE BRITISH JOURNAL O F  SURGERY 
graft had been inserted. 
shown intervening between the graft and the host-bone. 
end became absorbed. Pig. 532 shows a similar graft, 
but there is union between the graft and host a t  both 
ends, with no space showing between the graft and 
host in the z ray. 
The method of fixation matters little, providing 
Pig. 531 shows a stout graft in good position, but a space is 
The graft failed, and the upper 
This graft was successful. 
HIU. ;:%I. Iuiirni iix:ht.ioii of 
<raft t o  host, arid coiisequerit 
failure of graft. Ten days aftcr 
oppratioii. Stout :.raft. I'ositioii 
good; but qiace exists hctwecn 
graft arirl Irort. Tlie graft wn. 
absorbed, arid failed. 
PIC. 538.-~iInl fixaiioii OS 
graft. t o  host,, niid consequcti: 
swccss of graft.. Compare Pz5. 
,731. Tmt clays aftcr graft opcra- 
tiou. Stout graft. Position 
goocl. No spacr risiblc betwectj 
<raft and tiat. Iiirm union Iras 
tnkcn rJbdcC. Graft successful. 
(:raft fised v i t h  pegs (p). 
h'I0. 533.--Xcthod o E  iixntioii 
of bridge-graft. (A) The graft 
pegged into the medullary cavity 
of one fragmeiit for an inch or 
more. The othcr fra.gmeiit L3 
prepared by cutting a slot 
dightly 1e.s wide tliari the graft. 
A saw-cut is made t1iroul:li tlic 
compact boric for a short dis- 
tance bcyoird the cr.d of the slot 
t,o cuable the  latter to  opeu 
sufticieuily t o  receive the graft. 
(6) The graft forced into tlir 
slotted fragment, in wliich ir 
slrould be firmly licld by i l i t ~  
r~lastic rrxoil of the bone. 
that it  is firm. For most cases we have found that the mechanically soundest method 
of effecting fixation is to peg one end of the graft into the medulla, and to fit the other 
into the medidla by what may be termed an inlay splice (Fig. 533). One end of the 
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graft is driven firmly into the medullary cavity of the most mobile fragment. In  the 
other fragment a slot is cut, about 1 mm. narrower than the graft, out of the compact 
bone. A saw-cut about 2 cni. in length 
is made in the compact bone a t  the extremity of the slot. To introduce the graft, the slot 
is opened slightly by forcing a chisel into it, and the graft is then crushed home into its 
bed with bone forceps. In some cases tapping with a hammer is used to assist the process. 
We sometimes employ catgut, kangaroo tendon. 
or even wire ligatures to bind the spliced part of the 
graft in place ; but their use should be superfluous. 
Our experience inclines us to the belief that if the host 
and graft do not remain in apposition without being 
The slot is cleared by means of a small gouge. 
VIG. 524.--(+rnSt i11 r l x  
preescnce of sepsis. Frren 
moirths after graft operaticn. 
T,ower poit,ion has taken in 
spite 01 sepsis. O m  lnrgr: 
scquestmin is scparatin;. 
from tlic graft above, aiid 
aiiotlicr irom the host aiid 
:‘wit hekx .  The npptr r n i l  
subsequently cninc adrift,. 
T!ie loncr enll rcni:iiiird Fnlr. 
(s) ~Seq1rst l .n.  
lm;. 533.- s;,nlf! oa.,: ti’: 
Fig. 534. Siiow-s tiiiiil result. 
Hummiis short, hu t  ariri 
f i i ~ c t i o ~ i  escellent. The loiwr 
ml has bcen pegged into 
?Irc npprr cfter rernovnl nf 
seqnestra. 
lX., 3 3  L. rn.. ;:YL 
held by  sutures, thcir subsequent union is doubtful and the graft likely to be a failure. 
Foreign material introduced to effect fixation, such as wires, pegs, bolts, and plates, we 
hold to be undesirable-necessary a t  times, but always to be avoided if possible. If 
suppuration occurs, the graft survives intact long enough, and the skin wound heals 
soundly ; but if foreign materials are present, sinuses down to them will inevitably form. 
and will persist till the dead material is removed. 
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V. BEHAVIOUR OF GRAFTS IN THE PRESENCE OF INFECTION. 
As a general principle it is accepted that the graft should be aseptic and that it should 
be implanted into an aseptic field ; but infection and a successful graft are not incompatible, 
provided that the graft is firmly embedded in the host-bone a t  both ends. Case 14 (see 
p. 542) illustrates this ability 
of a graft to thrive, despite 
severe infection of the sur- 
rounding tissues. P i g .  523 
show3 the condition present 
seven months after operation. 
In  CUSP 24, an ununited 
fracture of the humerus (Fig. 
534), acute infection set in 
after the implantation of a 
graft. The graft came adrift 
a t  the upper extremity, but 
below it united firmly with 
the host. Sequcstra formed 
both from part of the graft 
and from the host, and were 
removed. A few months after 
the wound had finally healed, 
the upper free end of the 
graft was pegged into the 
rnctiulla of the upper frag- 
nicnt of the humerus, the 
final result giving a sound 
tliough shortencd bone (Fig. 
53.5). 
VI. GRAFT FRACTURES. 
Excluding the early cases 
due to fragility of the original 
graft, as in Fig. 528, graft 
fractures may be recognized 
as falling into two distinct 
varieties. The two types 
occur a t  different periods 
after implantation, in different 
situations in relation to the 
graft as a whole, and as a 
result of different causes. 
1. The Early  Fractures.  
---These often take place 
YIC. 6 ~ ' . - ~ O l - ~ l n i O l l  Of Craft eight weeks of the FIG.  637.-Same case as Fig. 535, 
t,o ho-t, a.r!d co iscqucrlt a p p m  I t  five mutitiis aftrr graft opcIa1io:i. 
fractiirr. 011 , :  month :lftrr :.raft opcration, while the limb is -yuparetit fract,i;rc at t h c r  jiuiutio!t of 
opcration. Firn uthm below. 3-0 waft and host abovc, m(1 cbsolption 
irnioii ahow, \>.it11 (:icp: space bc- still firmly immobilized and of loose upper of 
ta-ew hOst-bol;c arid :.raft,. 
ture occurs at. one site only, namely, a t  the junction of the host and graft. It follows 
non-union of one end of the graft with the host-bone, and is due to the process of osteo- 
clasis proceeding wit,hout its being followed by any new bone formation. I n  fact the 
graft is subject to the same changes which have been observed to occur when it is 
implanted into soft tissues. These cases, though often classified as fractures, are there- 
little or no strain is passing 
ttiraugh the bone. This frac- 
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fore really examples of bone absorption secondary t.o inadequate fixation of the graft. 
Case 4 illustrates this point. Fig. 536 was taken within a month of the operation : it is 
evident that the graft is firmly united below, but loose above. The upper part of the graft 
became slowly absorbed, and Fig. 537, taken five months after the operation, gives the 
appearance of a fracture a t  this level. 
2. Late Fractures.-These may occur a t  any time up to two years from the date of 
operation. The graft has been successful ; i t  is firmly united at both ends and is increasing 
in size ; the limb has been released from complete 
immobilization and is exposed to some strain. The 
fracture is caused in the same way as a fracture of the 
normal bone-namely, because the new section of bone 
is called upon t o  bear a strain greater than its strength 
will stand. The site of fracture is variable, but is 
usually about the middle of the graft. 
After a gap in the tibia 
had been successfully bridged, the patient was walking 
Case 3 is a good example. 
I m .  53n.-Fr&urc of w i l t  
dnc to iiadpquate suppo~ t. 
Teu months aitfr  the fracturr,. 
Frdcturc is ohvioos. 
k’xti. 539.--Frect,urc of q a f t  
due to i!iacleqiiatr support. 
Scrcu  months after siicceselul 
graft. operation. Graft WHS 
frastnred o.ie month picriously 
;arid is non’ uuiti.ig. Callus 
visible around seat of fracture, 
wliich is al.nost at tlic upper 
juirctiou of host, and graft. 
FIR. 53s. PIG.  ,539. 
in a plaster splint which fitted too loosely, and six months after the operation sustained 
the fracture. Fig. 582 ,  taken ten days after operation, shows firm union between the 
host and graft. A radiogram taken shortly after the fracture shows this as a fissure. 
In radiograms taken at  monthly intervals the line of fracture becomes more apparent. 
Pig. 538 was taken ten months after the fracture had occurred. 
The early fractures are due to faulty teehniquc in respect of the fixation of graft to 
host ; the late fractures are traumatic, and do not denote any shortcoming on the part 
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of the primary operative technique, but are clue either t o  insufficient support of the injured 
bone, or rashness on the part of the patient. Thc prognosis of the two varieties differs. 
In the early fractures the graft has definitely failed to  take on its intended function, and 
union cannot be expected. I n  the case of the traumatic fractures union does occur, at 
any rate in some cases. Case 15 had a bridge-graft of the tibia which broke eight months 
after operation, both ends being firmly consolidated. Fig. 539 shows the presence of a 
fracture in thc graft which occurred a month previously, and which shows signs of uniting. 
I n  our experience the process of union in fractures of this kind is a slow one, and we incline 
rather to implant R ncw graft in order to  save time. This was done in Case 3. 
VII. POST-OPERATIVE TREATMENT. 
This may be divided into three clinical stages, as follows :-- 
1. Stage of Absolute Rest.-This comprises the first six weeks following operation. 
The joints above and below tlie graft arc firmly immobilized in a plaster-of-Paris casing 
applied on the operation t.able. During this period the graft is establishing a vascular 
continuity with the host a t  either end and with the sur- 
rounding tissues : unless this process is completed a graft 
will fail. 
8. Stage of Partial Fun~tion.-~4fter the cxpiratioii of 
about six weeks, light use of the limb is permitted, a splint 
being applied so as t o  support the bone while allowing move- 
inent a t  the adjacent joints. In  the case of fractures of the 
tibia a closely fitting plaster is applied, moulded above 
around the bony points below the level of the knee-joint, 
and below to  the m:tlleoli (Fig. 540). This apparatus will 
allow free movement a t  the knee and ankle, but gives con- 
vidcrable vertical support to  the bone. I n  the forcarin a 
plaster casing is applied with the arm in tlie ex(-ended 
position ; i t  reachcs Iron1 tlie middle of the arm abovc t o  
the level of the wrist below. 
8.  Stage of Full Function.--1l’hen the graft has con- 
soli&ated, and is estimated by means of radiograms t o  have 
the. strength about equal to  half tha t  of the normal bone, 
all splints are removed, and the nutrition of the limb is 
rcst,orcd by massage, faradism, and active use. The change 
from the stage of partial function t o  tha t  of full function 
depends on the individual bone involved. For example, full 
freedom can be allowed in the case of fractures of the radius 
can be laid down for all cases, and some conservatism will 
certainly avoid the incidence of disappointing fractures. 
5d0,-l,lastrr xv.alking 
Thin stocking only unclcr the phster. 
I’last,er closely rnoulded t o  t lie leg. 
much earlier than in the case of the tibia. No definite rule 
pree 
knee and anklc. 
of movemeot nl;3,5-r-cd 3t 
VIII. OTHER FACTORS INFLUENCING THE SUCCESS OF BRIDGE-GRAFTS. 
1. Bone Involved.-It is generally accepted that the probabilities of successful grafting 
The humerus we have not found t o  offer any special difficulties, provided satisfactory 
It is seldom tha t  a wide gap has to  be bridged in this bone, as 
I n  our experience, in conimon with that of others, the radius can be grafted with the 
The ulna is undoubtedly less satisfactory. It is difficult t o  imagine tha t  the vascular 
Two 
vary in the different bone\. 
aplint fixation is effected. 
cwnsiderable shortening is consistent with good function. 
greatest ease. 
supply of this bone is so different from others as t o  be the cause of the difficulty. 
factors suggest themselves :- 
We have had no failures in ten consecutive cases. 
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(1. Tl!at at the time of the operation the fragments are not sufficiently niobilized t o  
make i t  possible to  aline them without splints ; the upper fragment is nearly always flexed 
and deviated t o  the radial side. 
b. That the common position of immobilization after grafts of this bone is incorrect. 
We have generally fixed the limb after operation at an  angle of about 110° in these 
cases. The fact that  in simple fractures of the forearm the fragments are most correctly 
aline6 in full extension suggests tha t  this position may be the proper one for fixation 
after graft operations on this 
bone. 
In  our experience there is no 
objection to  grafting both bones 
of the forearm at the same opera- 
tion. Case 16 is an instance 
of this procedure, undertaken 
secondary to  an operation for 
shortening both bones which had 
failed to  produce union. Pig. 541 
shows the two grafts in position 
two months after our operation. 
Pig. 542 shows the condition 
seven months after operation. 
In  the tibia, grafts in thc 
lower third have a doubtful pro- 
gnosis. This is possibly due to 
the difficulty in ininiobilizing tlrr 
lower fragment. Grafts in the 
iipper and middle thirds gire 
good results. 
2. Latent Infection of the 
Host-bone.-In our early cases we 
were inclined t o  attributc some 
of our failures t o  the presence 01 
infection. But with an  improved 
technique and a more extensiw 
cxperience of the subject we 
think that i t  is seldom, if ever. 
a causative factor. It would 
appear, in reviewing our unsuc- 
cessful cases, that  inadequate 
fixation of one end of the graft 
SUMMARY AND CONCLUSIONS. 
The subject matter of this paper relates only t o  bridge-grafts-in the adult. 
1. From the evidence of radiograms i t  would appear tha t  bone implants possess and 
retain a vital activity for some period independent oi the tissues of the host. 
2 .  Boiled beef-bone cannot be used successfiilly as a bridge-graft ; i t  is. however. 
valuable if employed as an internal splint. 
3. For successful bridge-grafting the graft should be autogenous. The most satisfactory 
4ource for most purposes is the tibia. The graft should contain suficient compact bone 
for strength, and as much cancellous bone as possible. It is in relation t o  the cancellouc 
part of the graft that  firm union with the host-bone takes place, and tha t  new bone is laid 
down t o  thicken the implant in the first few months after implantation. The presence 
1 
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or absence of periosteum on the graft does not appear to affect its vitality or it5 latcr 
enlargement in response to function. 
4. Two steps are necessary in the preparation of the host fragnicnts: (u )  Removal 
of thc sclerosed ends till healthy vascular bone is exposed ; ( 6 )  Mobilization of the frag- 
ments so that they can be normally alined without tension. 
5. The most important factor governing success is the firm fixation of the graft into 
both extremities of the host-bone. 
6. The method of fixation of the graft found most satisfactory for the average case 
is by intramedullary pegging at  one end and by an inlay splice a t  the other. 
7. Fractures of the graft fall into two categories : ( a )  Apparent fracture a t  the 
junction of the host and graft ; these fractures occur a t  an early stage, and are due to 
the weakening of the implanted part of the graft by absorption which results when it is 
not in firm contact with a healthy section of host-bone. ( b )  Fractures in the free part of 
the graft; these occur from inadequate support of the limb after the implanted end.: 
of the graft have become firmly incorporated with the host-bone. 
8. Post-operative treatment may be divided into three clinical stages: ( a )  During 
the first six weeks absolute immobilization of the part involved; during this stage 
the graft unites firmly with the host-bone. A radiogram taken at this period will shon 
whether or not the graft is successful ; if implantation of the graft has been so carried 
out that vital continuity between i t  and the host-bone becomes established, no space is 
seen between the graft and the host-bone in the picture; if fixation has not been 
firm, a clear area is seen between the graft and the host-bone, and the related part of the 
graft will become gradually absorbed, and finally give the appearance of being fractured 
where it is in contact with the host-bone. ( 0 )  After six weeks, partial function of the limb 
involved is allowed, adequate splint support being supplied to prevent fracture from undue 
strain. ( c )  When the graft in response to function has sufficiently thickened, all support 
is removed, and the return of full nutrition and activity in the limb is assisted by physio- 
therapy. 
9. The ease with which successful bridge-grafts can be carried out varies in different 
bones. The upper third of the ulna 
and the lower third of the tibia have been found to be the most difficult. 
LO. We have attributed most of our failures to unsatisfactory fixation of one end of tht. 
graft to the host-bone. 
11. Post-operative infection of the wound is not incompatible with the survival a11d 
growth of a bridge-graft. 
The radius gives the largest proportion of successes. 
We wish, in conclusion, to acknowledge our debt to Drs. R. J. Reynolds and W. P. 
Tindal-Atkinson for their invaluable help in taking the radiograms upon which this study 
has been based. We are also much indebted to Mr. G. W. Heckles for the careful recordq 
which he kept of the earlier cases of the series referred to in the text. 
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